Introduction and Background
Computers have been used for instructional purposes since the late 1960s, and personal computers assumed greater importance from the early 1990s (Taylor & Eustis 2002) . The use of personal computers is quite common in current classroom environments where students frequently use their own laptop computers. Other new technologies are also being introduced into the classroom and tablet computers are an example of this. Technology functions with a push/pull mode having an impact on student behaviors and class activities and on the way instructors teach. Optimizing the use of technology in higher education requires an understanding of how technology might be used in classroom and how it supports or hinders students' learning. In particular, when a new technology is being introduced, it is crucial to understand its actual advantages and disadvantages.
In Fall 2008 semester, we introduced tablet computers to students taking a Human Computer Interaction (HCI) course as a part of an information technology program. The class sessions took place in a computer laboratory equipped with desktop PCs. The students could use the existing desktop PCs, as well as the newly introduced tablets or their own laptop computers. While our research initially focused on the tablet computer use, the presence of wider technological choices allowed us to study more generally technology use and the characteristics of students in using technology in the classroom.
The next section of this paper reviews related works about the impact of technology on higher education. In the third section, research objectives and definitions of the terms used in this research are presented. The fourth section addresses our research methodology. The fifth section presents a discussion of the results with the final section suggesting conclusions.
Related Work
Understanding the impact of technology on education and learning processes is crucial as technology can aid as well as hinder student learning. Whenever new technology is introduced, there is a process of change that comes with its implementation (Fahmy 2004) . Numerous studies examined the impact of laptop computers on student learning. Some of these studies reported positive effects of laptop computer use on education (Siegle & Foster 2001; Saunders & Klemming 2003; Stephen, 2005; Barak, Lipson, and Lerman 2006) . The positive effects included increased participation and active learning, improved interactions between students and instructor, increased motivation and academic achievement. Demb, Erickson, and Hawkins-Wilding (2004) surveyed students in Ohio Dominican University to examine their perceptions of the value of the laptop computer. The result showed that students valued laptop computers as important to their learning; moreover, the students noted the importance of a laptop computer for its portability and convenience.
On the other hand, some studies showed negative influences of laptop computers on student learning. Recently, Wurst, Smarkola, and Gaffney (2008) surveyed graduating cohorts of honors business students at several universities to examine whether laptop computers improved students' achievement and satisfaction. The result showed that the use of laptop computers did not contribute to the student achievement, and that the students did not show particular satisfaction from using laptop computers. Similarly, Fried (2008) demonstrated a negative impact of laptop computer use on student learning. Results of the survey conducted by Fried showed that many students were using laptop computers for non-course related purposes in the classroom, and that laptop computers distracted students from paying attention to the course.
Tablet computers are a relatively new technology that is being introduced into higher education settings. There have been few empirical studies that focus on the usability and impact of tablet computers (Twining & Evans 2005; Ozok, Benson, Chakraborty, & Norcio, 2008) . Tront and Scales (2007) reported early assessment of their ongoing, multiyear project on the tablet computer use by students in the College of Engineering at Virginia Tech. The students were required to own tablet computers. After the first year of the project, they found positive effects of tablet computers on students learning both inside and outside the classroom to include improvement of class participation, student creativity and collaborations (p. 10). Evans and Johri (2008) introduced mobile tablet PC technology into Engineering education at Virginia Tech aiming to solve the problem of large size classes which make it difficult for students to engage in class activities. They used tablet PCs with Dyknow networked software (http://www.dyknow.com). The authors reported that an increased awareness and visibility of student performance helped instructors in identifying concepts that needed to be clarified. The authors found that tablet computers facilitated students' participation in the class and supported student expression by letting them easily create, represent, and share sketches and annotations. The authors concluded that tablet PCs would be useful for subjects that frequently use annotations or quick sketches such as science, mathematics and design fields. Karatsolis and Mills (2007) interviewed and surveyed 265 students who were taking a Principles of Communication course at Albany College of Pharmacy. The course was designed to provide students with opportunities to facilitate interaction with tablet computers. The results showed that tablet computers supported students' writing, revision, and research skills. Ozok, Benson, Chakraborty, and Norcio (2008) compared 34 students' satisfaction and preference for pen-and-paper, laptop and tablet computers. The students were from the Department of Information Systems at the University of Maryland. Students participating in this study answered a questionnaire after participating in an experiment that involved performing four tasks: reading; writing; manipulation; and form filling. The results showed that students mostly preferred laptop computers to other technologies.
The conclusions are not straightforward. Technology has multifarious aspects and it is hard to simply conclude that certain technology has a positive or negative impact on education. Depending on tasks performed by means of technology, locations where the technology is used, situations, environment and the user characteristics, the same technology can bring advantages as well as disadvantages. Thus, to understand the impact of technology in educational settings it is important to examine it empirically.
Research Objectives
The study reported in this article was exploratory in nature. Our initial research objective was to study the usefulness and impact of the tablet computer on classroom activities. However, having the class in a computer lab equipped with desktop PCs enabled us to ask a more general question about how multiple computing technologies were used in the classroom. Our objectives included the examination of:
• student classroom activities, with a focus on technology-supported activities; • use of multiple-technologies by students in the classroom; • use of tablet computers in the classroom.
In this study, 'student behaviors' were defined as 'any activities of students occurring in the classroom that were either related or not related to the course.' In the remainder of this paper, 'technology' refers not only to computing technologies but also to paper. Thus, 'technology' includes desktop, laptop, tablet computers and paper.
Methodology

The sample
Study participants were Rutgers University students from the Information Technology and Informatics major, who took Human Computer Interaction course in the fall of 2008. The research was reviewed and approved by IRB (Institutional Review Board). The informed consent form was administered to the students prior to the research. The researchers collected data from 31 students, who agreed to participate in the research; note that 28 of these participating students (84.8%) were male. In the case of in-class observations, all students present in the class were observed. The number of students present from class to class fluctuated from 33 to 36. To protect participants' privacy, the data was collected by graduate assistants and all responses from the participants were anonymous.
Most students self-reported to have a good knowledge of information technology, but did not consider themselves to be experts. There were 42.4% of the students who reported that they were "pretty savvy, but there are others who are ahead of me in what they know", while 30.3% reported that "I consider myself fairly knowledgeable with plenty of IT skills, including at least one programming language"). The level of technology expertise was also supported by the fact that 29 students (87.9%) owned laptops. However, in the case of tablet computer, most of the students answered that they (75.8%) had never used it outside the HCI class, and only two students (6.1%) used tablet computer on a regular basis. In addition, more than half of the students (51.5%) never used pen-based computer software applications on a computer nor a PDA. Thus, the sample population of students seemed to be quite knowledgeable about information technology but they were not very familiar with using tablet computers or any other pen-based computer software.
Procedures
Three different methods of data collection were used: an online survey, student observation during the scheduled class sessions, and a group interview.
Class observation was conducted three times during the 2008 fall semester at the 11 th , 12 th and 13 th week of the semester. Two researchers observed the student behaviors in the classroom with special focus on their technology use in note taking as well as on collaboration and interactivity. The observation was structured with predetermined categories of behaviors (Powell 1997, p.118) . During each examined class session, three observations were conducted with each researcher observing half of the class. At each observation, the researcher observed one student for 10-15 seconds and recorded different activities that were performed during that time and the types of technology the student used to engage in these activities. The observation data was recorded in a codebook with a list of fifteen possible student behaviors in the classroom. The codebook also differentiated technology (i.e. desktop computer, laptop computer, tablet computer, paper, none) that students used in each activity. To record the different kinds of behaviors and the portion of each behavior in a unit of time and to check the kinds of technologies involved in each behavior, twelve points were used as scores for each student. This total amount of points was divided among different student's activities in a unit of time; 12, 9, 6 or 3 points were assigned to reflect the magnitude of an activity. For example, when a student was engaged in one activity only, 12 points were assigned; when equally in two activities 6 points were given to each; when in three activities with one dominant, 6, 3, and 3 were assigned respectively. When any materials were opened either on screen or on the desk, but not used at that moment, then a check mark was recorded to indicate their potential uses. To ensure the reliability of the observation, preliminary observation was performed (Neuman 2000, p.166) in the 9 th week of the semester, and the accurate definitions of each behavior were developed (Powell 1997, p.120 ).
An online survey was distributed via email during the 14 th -15 th week of the semester. The questionnaires asked students about their perceptions, attitudes, uses, and technology expertise.
A group interview was carried out in class in the 15 th week of the semester. One of the graduate assistants led the discussion while other graduate assistant took notes. The interview was semi structured, where the questions were open-ended and had a predetermined order (Krathwohl, 1998, p.287) . The questions were posed as a follow-up to the online survey and probed further into the students' note taking, interactivity, and tablet use in class.
Apparatus
The students and the course instructor used HP Tablet PCs model 2710p. The tablets have a 12.1 inch screen. Their display can be rotated and folded into a "tablet mode", where the tablet's pen is used for interaction and the keyboard is hidden. The image on the tablet display can be positioned in a landscape or portrait mode. Figure 1 shows the tablet mode of a tablet PC. The tablet-specific software used by the students and the instructor included the following:
• Classroom Presenter v3 (CP) was used for lecture presentation (Anderson et al 2006) (can download at http://www.cs.washington.edu/research/edtech/presenter/doc/startguide3.html). The software allows for broadcasting lecture slides over the local network to students' computers (both tablets, as well as desktops). CP supports slide annotation in real-time by the instructor and it supports adding students' private notes to the slides. CP supports two modes of student student-instructor interactivity: 1) students can send individual slides to the instructor's computer; 2) instructor can collect from students responses to questions and show the response statistics back to students in realtime (similar to old-fashioned clickers).
• DENIM was used for sketching and designing web user interfaces (Newman, Lin, Hong, and Landay, 2003) (can download at http://dub.washington.edu:2007/denim/download/). Prototyping user interfaces was an important learning component of the HCI class. The DENIM software allowed for using tablets to design websites from their top-level information architecture to low-level details of each web page. Students used it in group activities as well as a part of their course project.
Data Analysis
The survey data was analyzed by using SPSS version 16 package. In particular, the data were analyzed using descriptive statistics and ANOVA. To analyze observation data, the researchers created a spreadsheet to assess student activities that employed different technology. In analyzing the interview data, we reviewed the notes taken by the two research assistants during the interview by combining and grouping them into sections according to questions in the online survey.
Results and Discussion
Note Taking in Classroom
According to the results of the survey, most of the students answered that they took notes sometimes (45.5%) or during exam review (21.2%). There were not many students who responded that they either take notes in every class (15.2%), or never take notes (6.1%) (Q.5). Paper was reported to be still the most prominent note taking medium that was used by students (45.5%). However, a number of students answered that they preferred to take notes on desktop, laptop or other mobile devices (36.4%), thus showing that students felt comfortable with taking notes on computers (Q.6). Hence, in spite of continued use of paper by many students, computer devices were also reported to be frequently used for taking notes.
This trend was also evident in the group interview. Nearly all students responded that they liked to take notes on paper, and that they also liked to take notes on desktop or laptop computers, because "typing is fast, neat, and accurate". This trend was also shown in the study by Reimer, Brimhall, Cao, and O'Reilly (2009) . They examined how students took notes in higher education. The results showed that students found both handwritten and electronic notes convenient. Handwritten notes were reported to support students' understanding of material; they enabled drawing diagrams and inserting special notation (such as mathematical equations). Electronic notes were faster to take and easier to organize notes than handwritten notes.
Interestingly, results from the survey and interview in our study showed that tablet computers were not regarded by students as a technology convenient for note-taking because writing on the tablet screen was reported not to be easy for the students. This issue will be developed further in 'Tablet Use in Classroom' section. In addition, small technical issues, such as an inconvenient file format and the lack of easy email connectivity in the tablet-based software for annotating lecture slides, were reported to create, together with the inconvenience of handwriting, a barrier sufficient to prevent students from taking advantage of slide annotation. In summary, even though paper was reported to be the notetaking medium of choice for the majority of students, desktop and laptop computers were also used by numerous students for that purpose. At the same time, the students reported that tablet computers were inconvenient to take notes.
Interactivity in the Classroom
Most students reported in the online survey that interactivity was very important or critical to learning (75.8%) (Q.12). The students generally showed positive attitudes toward group assignments and projects by selecting one of the two following choices: "They can work well with the right team members" (36.4%), and "Usually, I enjoy working on a project with a group" (21.2%). However, there were also some students who said that they generally did not like group assignments or projects (18.2%) (Q.8). One interesting finding is that on the 5 point scale, the GPA of the students who said that they generally did not like group work (M=3.56; SD=0.49) and of those who were neither in favor nor against group work (M=3.20; SD=0.42) were higher than of those who said that group projects worked well with the right team members (M=3.19; SD=0.36) and of those who said that they usually enjoyed working on a project with a group (M=2.97; SD=0.39) (Q.4 & Q.8). In the case of class discussion, 8 students (24.2%) responded that they contributed to the discussion during almost every class, while 13 students (33.3%) reported they sometimes did (Q.7). These survey results show that students considered themselves to be quite active in class discussion.
Class observations conducted during group activities showed students' active participation in group activities. During the first observed class session 31 from 33 students (93.9%) were engaged in group activities. During the second observed class session, all of the students were involved in group work. During the third observation, 28 of 33 students (84.8%) were doing group activities.
In addition, during the three observed class sessions, a fair number of students were observed to interact with the instructor and with other students. In particular, during the first observed class session, 11 from 33 students (33.3%) were interacting with the instructor or classmates. During the second observed class session, 10 from 36 students (27.7%) interacted with the instructor or their classmates. During the third observed class session, 9 of 33 students (27.2%) were interacting with the instructor or classmates. Table 1 shows the percentage of students who were interacting with the instructor and classmates in three class observations. In summary, most students thought that interactivity in the classroom was important, reported to have positive attitudes toward group work, and reported that they contributed to class discussion. These positive attitudes were confirmed through in-class observation. During the observed classes, students actively participated in group activities and interacted with their instructor and classmates
Technology Use in Classroom
General Technology Use in Classrooms
The survey results showed that in general, most professors allowed laptop use in class. According to the survey, 19 students (57.6%) answered that all of their professors allow laptop use, and 11 students (33.3%) said most professors allow laptop use. However, most of the students responded that none of their professors encourage laptop use in class (66.7%). This could indicate that their professors have neither positive nor negative attitudes toward laptop use in class. Therefore, it seems to be mostly the student's own decision whether to use a laptop in the classroom or not. Most of the students answered that they would like to use laptops in class (66.7%).
Students were asked to indicate computer applications that they used in courses taken at a college or university level. The majority of students selected applications such as programming (93.9%), presentation preparation (87.9%), project work (81.8%), creating models or design work (78.8%), and search and information retrieval (78.8%). Except for problem solving (39.4%) and calculations or graphing (36.4%), other software applications were used in the classroom by more than 70% of the students. The percentages of the responses for specific computer applications are indicated in Figure 2 .
Figure 2. Percentage of responses for computer applications in classroom
During class observations, students used computers to follow slides, take notes, interact with the instructor, participate in group activities including sketching and designing prototypes, view websites and interact with classmates. This result is also supported by Conole, Laat, Dillon, and Darby's (2008) study, in which they reported that university students used technologies extensively in all aspects of their studies such as finding, managing and producing materials.
To summarize our findings, computers were used in diverse ways in the classroom.
Student Activity and Technology Use
Technology use in the classroom was directly investigated through class observation, which was carried out during three class sessions throughout the semester. During each class session, three observations were conducted. At each observation, different activities of students and the types of technologies engaged in those activities in a unit of the time, which was 10-15 seconds, were recorded. The types of technology available to students were desktop computer, laptop computer, tablet computer and paper. During the first observed class session, the primary activity of students was group prototyping of user interfaces. During the second observed class session, the primary activity was lecture. During the third observed class session, the nature of the primary activity varied. The first observation was made when the instructor was giving a lecture, while the second and the third observations were made when students were engaged in an exercise to evaluate group projects of other student groups.
The observation data showed that most students were engaged in the primary activity in the class. However, there were also many students who were 'Using or viewing non-course related materials' on desktop computers. The non-course related activity was among the top three activities in two out of three observations. However, observation data show that tablet computers were not used for the noncourse related activities. There can be two possible explanations for not using tablet computers in noncourse related activities. The first possible explanation is that the screen of a tablet computer was more visible to the instructor than either a desktop or a laptop display. This explanation can be supported by the observation data that paper was also not used for non-course related activity. A second possible explanation is that keyboards are not easily accessible when tablet PCs are folded. Desktop and laptop keyboards made it easier to perform text entry and to engage in online chatting or sending emails. The difficulty of hiding what's on tablet's screen can actually be considered as an unexpected and positive effect of tablet computers on student behavior in the classroom.
Interestingly, in all observations, students were engaged in more than one activity in a unit of time indicating that they were multitasking. While explaining Net generations' characteristics, McNeely (2005) mentions this phenomenon that "They (Net Generation) are not locked into one thing (p.4.3)". Conole, Laat, Dillon, and Darby also asserted that students in higher education are comfortable with multitasking. They also mentioned that students are inclined to switch among media, tools and contents.
In our observation, we also found that students were very impatient as they rapidly switched from one activity to the other activities. McNeely explained the reason for this behavior by stating that because Net generation expects things to work properly and fast and that if something does not working properly, they get bored. Oblinger and Oblinger (2005) explained "They (Net Generations) are able to shift their attention rapidly from one task to another, and may choose not to pay attention to things that do not interest them (p.2.5)". Figure 3 shows the frequency of number of activities conducted by students in all three observations in three class sessions. Among different technologies, desktop computers were the most frequently used technology for the top three activities. Laptop or tablet computers were not among the top three. This is possibly because all students had laptop computers or tablet computers. Table 2 shows the main activities from three observations and it includes the preferred technology that was used by students in each activity. The percentage of activity means the percentage of the class engaged in the activity, and the percentage of the preferred technology indicates the percentage of the whole class who used a certain technology to perform the named activity. During the preliminary observation, students used even more technologies simultaneously, while they were prototyping web interfaces as a part of a group project. For instance, students had opened course related websites on a desktop, outlined a draft on paper, while working on a web site design using a tablet computer. Conole, Laat, Dillon, and Darby also mentioned this phenomenon that students in higher education are "able to work with multiple resources and tools simultaneously" (p. 522). Figure  4 shows the total frequency of number of technologies used by students in a unit of observation. This phenomenon is also stated by Jenkins (2006) . He said that new media and old media coexist and interact in complicated ways rather than new media displacing or absorbing old media. As Jenkins noted, students were using old and new technology at the same time in intricate ways.
To summarize our findings, students reported that most professors allowed laptop computer use in class. They also reported that they not only had positive attitudes toward using laptop computers but also they were heavily using laptop computers in class activities. In addition, a variety of computer applications were used in class. Moreover, students conducted various tasks simultaneously, used more than one technology that were available to them and rapidly switched from one technology to another.
Tablet Computer Use in Classroom
According to the survey, which was conducted at the end of the course, students reported that they used tablet computers to sketch and design interface prototypes (72.7%), to interact with an instructor by sending questions and responses (54.5%), to work with a group on team projects (30.3%), to surf the web (30.3%), to take notes on course slides (24.2%), to take notes using other programs (12.1%), and to communicate with others outside the class (9.1%). Thus, it was used mostly for the course-related activities, and especially for the group projects and for interaction with the instructor. These results were also confirmed by observation.
When asked how easy it was to use tablet computers, about one third of the students responded that using tablet computers in the course was neither difficult nor easy (30.3%), while some students responded it is "very easy" (24.2%), and some "difficult" (24.2%). Thus, it seemed that for many students, using a tablet was more easy than difficult. On a 5-point Likert scale, spanning from 1-very difficult to 3-neutral to 5-very easy, the mean was 3.27, which also indicate that using tablet computer is somewhat easy. Using a tablet computer was easier for those who used tablets on a regular basis (M=4.00; SD=1.41) or who tried using it before (M=3.50; SD=1.05) than for those who did not use a tablet before (M=3.16; SD=1.31). Therefore, the experience in using a tablet computer would make it easier to use.
When students were asked to rate advantages of using a tablet computers in the class, spanning from 1-very unimportant to 3-neutral to 5-very important, "ability to create prototype designs" (M=3.27;SD=1.36) and "ability to interact with an instructor" (M=3.09; SD=1.44) showed the highest values of importance. This result is also supported by the open ended questions of the survey. When asked to describe how they could imagine tablet computers being used to enhance learning in a university course, many students mentioned interactivity with an instructor. For instance, one student wrote "I think that it is a great way to interact with the instructor", another student also wrote "the professor can ask students to sketch improvements onto a design then share them with the class". In the interview, students also mentioned portability of tablet computers as one of its advantages. Table 3 displays the means and standard deviations for importance of each of the advantages of using tablet computers in a classroom. Students' answers to open-ended questions provided us with insights into possible explanations of their behavior. When students were asked, in the survey, to explain the barrier they experienced in using tablet computers, students answered that one of the barriers were the technical problems with the software. For example, one student replied "it [the software for prototyping] crashed at least three times". Relative unfamiliarity with tablet computers was also mentioned as a barrier during the group interview. Another important barrier was bad hand writing. For instance, one student said that "a lot of us have horrible handwriting and that is why we take notes with laptops in the first place" Another student said "I type all of my notes because my hand writing is terrible so I don't care much about writing on a tablet screen." It was quite interesting to discover that one of the barriers in using tablet computers was that this population of students found it easier to type than to hand-write when taking notes. Pen-based computer's ability to recognize users' handwriting was previously considered to be one of the great advantages of tablet PCs (Ozok et al 2008, p.330) . Our findings show, however, that this advantage disappears for the generation who finds typing quite comfortable. Difficulty in using the tablet pen was another related barrier. At the interview, students answered that difficulty of using pens made bad handwritings worse. During the interview, nearly all students said that writing on a tablet screen was not easy. The thick line of the pen was a barrier of using a tablet computer and some students even said that they found it easier to ignore the pen and just use the tablet as a laptop. Looking down on the screen was also mentioned as a barrier. When discussing future applications for tablets in the classroom, students said that it would be good for classes that include drawing and sketching such as art departments or medical fields. In addition, students answered that it would be useful for collaborative projects.
Thus, tablet computers seemed mostly applicable in supporting group activities and interaction with the instructor. Students reported that tablet computers were somewhat easy to use, The students answered that the main advantages and significance of using a tablet computer in a classroom environment were for group projects and interactions with the instructor, while technical problems of software, unfamiliarity, bad hand writing, and difficulty in using the tablet's pen were reported to be the barriers in the tablet use.
Conclusions
This study aimed to explore technology uses in higher education with a special focus on tablet computers. This was an empirical research, and the data were collected from online survey, classroom observation, and a group interview.
Although, many students reported that paper was a preferred medium for taking notes, a significant portion of students also said that they were comfortable with typing notes on desktop or laptop computers. Technology was used in various ways in the classroom. Many students reported to have a positive attitude about using laptop computers, and reported that they used them often. Interestingly, students were engaged in more than one activity and were simultaneously using more than one technology. They were multitasking, which involved different activities performed on different technologies.
Students reported that tablet computers were somewhat easy to use, and that the tablets supported group projects and interactions with instructor. However, unfamiliarity with new software, bad hand writing and difficulty of using its pen were mentioned as barriers in adopting tablets. We expected that handwriting on the tablet computer screen to be its advantage. However, it was regarded as one of the barriers by the Net generation that grew up with computer technology. Students said that subtle things such as thick pen trace and rough note appearances contributed to the students' difficulties in using the tablet computers. Improved technology capabilities and increased familiarity of the tablet computers might make tablet computers a more useful learning tool. Students thought that a tablet computer could enhance learning in higher education classrooms in particular when used for sketching, drawing and working on collaborative projects.
The study showed us a wider picture of technology use in the classroom and the dependency of technology adoption as it interacts with the characteristics and experiences of the student population. In particular, we found that the students' multi-tasking was expressed by their tendency to use multiple technologies at the same time. The student showed opportunistic behavior by taking advantage of the technologies that were available to them. They used whatever technology was available to them and worked for them. The students were also impatient and quickly switched between technologies. For instance, a technological novelty motivated their initial interest. However, they abandoned the technology quickly if they encountered difficulty in its use. The students preferred to type their notes rather than to hand write them.
This study explored the actual technology uses in higher education with a special emphasis on tablet computer, which is one of the new technologies. Understanding changes introduced by new technologies in the classroom environment is crucial to making the most of the technology in higher education.
Limitations of the current study include the investigation of only one class comprising a snapshot of student behavior by coding at only several discrete points in time. In addition, it is difficult to make generalizations as the current classroom environments are undergoing changes, as does technology itself. In the future, we plan to conduct a comparative study between two sections of the same course, where one of the sections will use the tablet computers and the other will not use the tablets.. It would be a fruitful avenue to extend this study to one with a special focus on students' simultaneous technology uses and opportunistic behaviors in a setting with more diverse technology choices. 
